Spectral efficiency is ' an essential component of existing and new technologies in Personal Communications Services (PCS). The growing demand for PCS has resulted in an increasingly crowded spectrum. Code division multiple access is one of the best methods for efficient use of the radio spectrum. Code division is used in some second generation PCS systems and is used or proposed for all third~generation PCS systems. The capaciry of code division cellular systems is limited primarily by interference caused by co-channel interferers and other channel interferers. This paper introduces an interference model of the AhW/TIA/EIA-95-B cellular system which can be used to s t u 4 the effects of co-channel interference and presents results of four preliminaiy simulation scenarios run using the output of the model.
INTRODUCTION
Personal Communications Services VCS) is widely used for mobile voice and data communications and h B become an important resource for implementing emergency telecommunication services following a natural or manmade disaster. PCS networks cover a majority of the country's area. However, the coverage in most areas is supplied by multiple systems which are independent and often non-interoperable to other systems operating in the area. These systems often share frequency bands and base station sites. In such an environment, the interference levels in the spectrum can increase significantly. Since cochannel interference is the main limiting factor in capacity for code division systems, increased interference can lead to limited capacity [I].
Damage to the infrastructure of the more traditional wired telecommunication systems in an area is another source of increased interference. Private, commercial, and govemmental users migrate to wireless systems causing overloads and possibly complete disruption of service in the affected area. Commercial PCS network planners and govenunental planners for emergency situations need to understand these interference U.S. Government work not protected by US. copyright . .
effects to operate effectively in these kmds of overloaded environments. The first step towards this understanding is to build tools to help characterize these interference effects. The Institute for Telecommunication Sciences (ITS) is implementing interference models of PCS systems to provide tools to assess performance degradation due to cochannel interference. The fmt of those models is'based on the ANSJiTIAIEI.4-95-B system (hereafter referred to as 95-B) [2]. The model produces outputs for both softwareand hardware-based simulations. Results presented here are from a basic software simulation of co-channel interference for several scenarios of an air-interface signal of a 9 5 3 system.
MODEL DESCRIPTION
This model produces a representation of an idealized 95-B air interface signal. The input to this model is a sequence of binary values which corresponds to a data stream. The model processes the input binary sequence with the appropriate spreading scheme, resulting in I and Q data streams. Both data streams pass through a baseband filter, are modulated by sine and cosine signals, and are added to each other. There is no error correction coding included in the process flow. Power control is included in the model as a gain factor of the baseband filter. The output of the model consists of a vector of numerical values representing a sampled quadrahue phase shift keyed (QPSK) signal for the forward link or a sampled offset quadrature phase shift keyed (OQPSK) signal for the reverse link. Figure 1 shows the process flows for both forward link and reverse link signals. The output signal can be either a forward link or a reverse link signal. The forward link signal may contain the transmitted signals fiom a variable number of base stations, each of which may have a variable number of channels for mobile stations. In the reverse link, the air interface signal may contain several mobile stkions transmitting to different base stations. 
SCENARIO DESCRIPTIONS
This section presents the descriptions of four scenarios. Scenarios one and two illustrate inter-cell interference while scenarios three and four illustrate intra-cell interference. All of the scenarios use forward link composite interference signals. The power of the trafiic channel signal from the primary base station to the target 
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mobile station is set to 0 $3.. Fo: perfect power control, all inteaering channels except the $61 channels have power le+els Setto 0 dB. All pilot channel power levels are set to 1.76 dB.
L ;
Scenario 1 consists of one cell with several mobile stations, representing the baseline condition. The transmitted signal has perfect power control for each Scenario 2 is similar to Scenario 1 except that the signal for one mobile does not have perfect power t control and is transmitted from the base station at a much higher power than the other channels. Scenario 3 considers two cells with multiple mobile stations in each cell. The position of a target mobile varies along a direct path between the primary base station and ' the second base station. The mobile's position varies from a point equidistant between the two base stations to a.point where the distance to the second base station is twice the distance to the primary base station.
Scenario 4 has up to 12 cells, with a.base station and multiple mobiles for each cell. Three base stations, including the primary base station, are located at distance R from the target mobile where R is the circular radius of the cells. Another three base stations ire located a distance of 2R from the target mobile and the fmal 6 base stations are located a distance of 2.65R from the target mobile.
channel.
RESULTS
The simulation results for all scenarios have several restrictions. This study compares the relative changes in the signal-to-interference ratio (SIR) of the system. The most basic computation of the SIR is where S is the power of the wanted signal, Ij is the power from interferer i, and io is the total number of interferers [4] . This model does not contain noise sources. In code division multiple access systems, code channels for signals other than the wanted signal appear to the wanted signal as interference sources. The composite interference power level caused by the other code channels is generally significantly higher in power than any combination of noise sources and has a much larger effect on the frequency channel capacity [l]. All the results of the scenarios are given as values of SIR. To determine the SIR values, S from Equation 1 equals the total power in a frequency range which is one-half of the 3 dl3 bandwidth (-9.4 kHz) of one data stream after despreading and I equals the total power of the spread, composite interference signal over the same frequency range.
Scenario 1:
For the baseline scenario, all the interferers are in the same cell as the target mobile. Figure 3 shows the decrease in SIR as the number of interferers increases up to 63, which is the maximum number of interferers defined for one cell by the 95-B system. The two curves in Figure 3 (identified with orthogonality factors) show the trend of the SIR of the system as interferers at the same power level are added to the system. The rate of change' decreases as the number of interferers increases, but the decrease in the SIR does not approach an asymptotic value. Both curves show the same set of data, but scaled with different values of the orthogonality factor. In practice, the transmitted signal has perfect orthogonality due to the Walsh code spreading, but the received signal has lost some o f its perfect orthogonality due to characteristics of the radio propagation 'channel. This is corrected with an orthogonality factor [ 5 ] . The total interference power from Equation 1 becomes
BS2 to
i=l where E is the orthogonality factor, G is the gain of the receive antenna, Lo is the path loss, and Ti is the effective radiated power (ERP) of the base station [I]. Both the path loss and the ERP are dependent on the direction angle, Bo. For these scenarios, the path loss and ERP are constant over all angles. While the orthogonality factor is not necessarily constant for practical purposes, it is considered constant here.
When comparing two or more values of SIR to each other, a constant orthogonality factor will drop out of any ratio of interference powers which are defmed by Equation 2. values. Therefore, SIR values will be determined with an orthogonality factor of zero in the other scenarios.
Scenario 2:
In the second scenario, the power level of the interference channel associated with mobile station 12 is five times the power levels of the rest of the channels. The same simulation as in scenario 1 is run, with the results shown in Figure 4 . While there is a significant drop in the SIR when the channel for mobile station 12 is added to the composite signal, the drop is approximately 5 dB instead of the 7 dB one would expect for a factor of 5. This further illustrates the point made in scenario 1 in which the composite interference signal does not lower the SIR at a constant rate. The rate of decrease is much lower for channels added after the high power channel than for the same number of interfering channels in scenario 1. ., " ., " ., 
Scenario 3:
This scenario deals with intra-cell interference on a very basic level. In this scenario, both the primary base station and the interfering base station are transmitting five interfering channels to mobile stations. All interfering channels are transmitted with perfect power control. Table 1 shows the results of the scenario. D1 is the distance from the primary base station to the target mobile and D2 is the distance from the second base station to the target mobile. The rate of change in the SIR is not directly proportional to the change in the relative distances between the target mobile and the base stations. 
SUMMARY
This paper presents results from multiple scenarios using the ITS co-channel interference model for 95B signals.
The results show several characteristics of the composite interference signals. New scenarios and interference model refmement may produce more information on interfering signal effects on the 95B system performance. As our knowledge of interfering signals increases, effective methods for increasing the capacity of the spectrum for cellular and PCS systems may be found.
